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Abstract
Techniques for seabed habitat mapping have developed considerably over the
past 10 years, principally through advances in acoustic technologies and tools
for improved spatial analysis. The increasing need for information on the dis-
tribution and structure of seabed habitats in coastal waters (< 50 m deep) has
developed in Australia due to increasing pressures from development and exploi-
tation. A clear understanding of the uncertainties in creating spatial information
from marine data is required within seabed mapping projects, particularly those
using acoustic methods that vary in coverage and resolution.
This thesis investigates methods to explore spatial uncertainty in the techni-
ques used to characterise shallow water seabed habitats using local and regional
scale case studies ranging from interpolation of sediment cores to classifying di-
gital elevation models generated from multi-beam acoustic data. Uncertainties
are investigated in a multidiscipliary approach to habitat mapping. Broad-scale
and fine-scale mapping of marine seabed habitats can provide considerable in-
formation on patterns of physical seafloor structuring and this is now achievable
given recent technological advances in echosounders and backscatter analysis,
digital underwater video, differential GPS and Geographic Information Systems
(GIS).
The uncertainties in classifying single beam acoustic data are examined by
comparing data visually classified into habitat classes in real time compared to
those defined through post-processing in the laboratory. The influence of a range
of transect spacings on qualitative knowledge-based interpolation of shallow
rocky reef acoustic data is assessed. Parameters of physical reef characteristics
from single beam acoustic data are investigated which aid in improving kriging
interpolation techniques.
A fuzzy classification method is applied to sediment core data collected over
100s of kms in order to map the distribution of unconsolidated sediments. This
technique is tested on Australia’s ‘SeaScapes’ data. The ‘SeaScapes’ layer was
recreated with classes derived from an unsupervised fuzzy clustering algorithm.
A sensitivity analysis was performed which explores the optimal number of
clusters and clearly shows where classes overlap, highlighting confusion and
therefore potential classification errors in the data. Conditional simulation was
utilised to explore uncertainty in the interpolated data layers and animations
produced which provided an advanced way of visualising the surfaces.
Image segmentation techniques are applied at various values of splitting and
merging thresholds to identify objects in sidescan sonar imagery. Grey Level
Co-occurrence Matrices (GLCM) texture measures are integrated with segmen-
tation to identify homogeneous texture regions in an image. The segmentation
and object oriented classification provide good classification results in 10-40 m
water depth with accuracy values of >80 % when classifying two classes and >60
% when classifying three classes. This section of research focuses on the analysis
of seabed habitats through the use of algorithmic calculations at multiple scales
to quantitatively delineate distinct seabed regions based on texture parameters.
The textural characteristics of three habitat classes are explored and tested on
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sidescan sonar data in two case studies. Segmentation results are validated using
underwater video transects and statistical techniques. The classified sidescan
acoustic images are spatially characterised using fragmentation statistics. These
results are a leap forward providing a methodology and a terminology to des-
cribe the distribution of shallow rocky reef, combined with a classified map and
an uncertainty map generated by the object oriented technique.
Fuzzy classification techniques are used to characterise the two dimensional
structure of shallow rocky reefs from multi-beam bathymetric data. The results
from two morphometric classification techniques are contrasted and compared.
Many physical and biological processes acting on the seabed are highly correla-
ted with bathymetric features, such as ridges and channels. Examples of these
include the selection of habitat by many commercially fished species, such as
rock lobster, abalone and reef associated fish species. These physical attributes
can therefore often be key predictors of habitat suitability, community compo-
sition and species distribution and abundance. These methods greatly improve
insight into classification and related uncertainties of morphometric classifica-
tion.
There are many potential applications of seabed habitat mapping for which
estimates of uncertainty will provide additional crucial information. As habi-
tat mapping becomes more common in Australian coastal waters and datasets
build up over time, compatibility between different sets of information will be
essential. Monitoring and change detection analysis requires detailed baseline
data with uncertainty estimates to ensure that features that display change are
reliably detected. The accuracy of marine habitat maps and their associated
levels of uncertainty are extremely hard to convey visually or to quantify with
existing methodologies. The new techniques developed in this research provide
a rigorous alternative to current practices. The methods used in this research
integrate existing techniques in a novel way to improve insight into classifica-
tion and related uncertainty for seabed habitat maps which will progress and
improve resource management for Australian coastal waters.
vDeclaration
Statement of originality
Except as stated herein this thesis contains no material which has been accepted
for the award of any higher degree or diploma by the University or any other
institution. To the best of my knowledge and belief this thesis contains no
material previously published or written by another person except where due
acknowledgment is made in the text.
Statement of authority of access
This thesis may be available for loan and limited copying in accordance with
Copyright Act 1968.
.........................................
Vanessa Louise Lucieer (nee Halley)
vi
Statement of co-authorship
Chapter 2-6 of this thesis have been prepared as scientific manuscripts. In all
cases experimental design and research program, data analysis, interpretation of
results and manuscript preparation were the primary responsibility of the can-
didate, but were carried out in consultation with supervisors. The contributions
of co-authors are outlined below:
Chapter 2: Halley, V. and Jordan, A. 2007. Addressing spatial uncer-
tainty in mapping southern Australian coastal seabed habitats, in Todd, B.J and
Greene, H.G., eds., Mapping the Seafloor for Habitat Charaterization: Geolo-
gical Association of Canada, Special Paper 47, 165-179. Vanessa Lucieer (80%)
Dr Alan Jordan (20%). Dr Jordan (Department of Environment and Heritage,
NSW) was the research supervisor for this PhD study and contributed to the
development of ideas in Chapter 2 as well as providing advice on preliminary
manuscript preparation.
Chapter 3: Halley, V. and Bruce, E. 2007. Thematic accuracy assessment
of acoustic seabed data for shallow benthic habitat mapping. International Jour-
nal of Environmental Studies, 64, 93-107. Vanessa Lucieer (95%) Dr Eleanor
Bruce (5%). Dr Bruce (University of Sydney) was the research supervisor for
this PhD study and provided advice on preliminary manuscript preparation.
Chapter 4: Fuzzy c-means for seabed classification. Dr Arko Lucieer at
the Center for Spatial Information Science at the University of Tasmania pro-
grammed the IDL source code for this chapter.
vii
Acknowledgments
The financial and logistical support for this research could not have been pos-
sible without the continued support of Professor Colin Buxton, Director of the
Tasmanian Aquaculture and Fisheries Institute at the University of Tasmania.
This research extends from the fabulous project ‘SeaMap Tasmania’ which has
been in existence since the year 2000. I am grateful to the many people who have
formed a part of this research group, especially to Neville Barrett (TAFI/MRL)
and Alan Jordan (formally of TAFI/MRL now DEH/NSW) who had the vision
and persistence to source funding to begin one of Australia’s most comprehen-
sive marine mapping projects.
‘SeaMap Tasmania’ has come a long way since 2000 and those who have
been involved in the project over the years should be proud of the influence
that this project has had on shaping and influencing marine resource inventory
and conservation in Tasmania. Being apart of this group from a technical officer
to becoming the research group leader has allowed me to develop my research
skills and knowledge of marine GIS and marine habitat mapping technologies
and I am grateful to Prof Colin Buxton and also to Dr Christine Crawford for
presenting me with this opportunity.
This research has relied on the interest and support of a variety of individu-
als and companies across Australia. Firstly, I would like to acknowledge Paul
Kennedy at Fugro Pty Ltd for providing access to some fantastic acoustic data
collected through the Coastal CRC at the Marmion Marine Park site and Dr
Gary Kendrick from the University of Western Australia for allowing access to
the video data for the validation assessment of Chapter 5.
The sediment data for chapter 4 was sourced from GeoScience Australia’s
Marine Sediment (MARs) Database and I would like to thank both Dr Peter
Harris and Dr Andrew Heap for their enthusiasm for this research. I am grateful
to Dr Toby Jarvis from the Australian Antarctic Division for reviewing the
acoustic components of Chapter 3 and offering valuable suggestions. Thankyou
to Dr Hugh Pederson at TAFI for reviewing Chapter 6.
Richard Coleman. Thank you for being patient. Your support, graciousness
and humor convinced me that pulling this research together was possible. Your
commitment to research is an inspiration that never seems to falter and I look
forward to working together again in the future.
AJ. Thank you for providing me the opportunity to begin a PhD through
‘SeaMap Tasmania’. This research would not have been completed without your
initial encouragement to enroll in 2003. Your aptitude for placing our research
in the right place at the right time made ‘SeaMap Tasmania’ the asset that it
is.
I would like to express sincere appreciation to my friends Stephi & Jays,
Frances & Guy and Georgia & Damian for their interest (or convincingly feigned
interest) in my research and thesis, for the dinners and laughter, phone calls
and visits, distractions and encouragement. Gretta Pecl, Catriona Macleod and
Eleanor Bruce thankyou for being such good friends and mentors. Miles Lawler,
my colleague of the last eight years, the hundred of hours spent surveying 3000+
viii
kms of the Tasmanian coastline would not have been an iota of as much fun
without you.
For my family, Mum and Dad, my obsessive compulsiveness as a child to
‘colour in’ between the lines has finally paid off. Thank you for providing me
the opportunity of a great education. Thank you for teaching me the importance
of finishing what I have started; for supporting me to explore life creatively and
to pursue one of those ‘grey careers’ that you have trouble in explaining to
your friends. I would not have been able to complete this thesis without your
support. Thank you for the timeless chats on the phone, for filling the fridge
when we needed it and for being so completely convinced that I made the right
choices.
For my husband, Arko Lucieer. Thank you for your patience over the last
three years; for supporting me to confront the challenges and for teaching me
to become a better scientist. This thesis is dedicated to you, for giving me the
strength and motivation to remain persistent. Thank you for waiting... Nepal,
here we come.
Vanessa Lucieer [nee Halley](March 2007)
For Arko

Contents
1 Introduction 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.1 Why is uncertainty important? . . . . . . . . . . . . . . . 3
1.2 Review of acoustic technologies . . . . . . . . . . . . . . . . . . . 5
1.2.1 Single Beam Acoustics or Acoustic Ground Discrimina-
tion Systems (AGDS) . . . . . . . . . . . . . . . . . . . . 5
1.2.2 Sidescan Sonar . . . . . . . . . . . . . . . . . . . . . . . . 9
1.2.3 Multibeam Sonar . . . . . . . . . . . . . . . . . . . . . . . 11
1.3 Exploring spatial uncertainty in marine GIS . . . . . . . . . . . . 13
1.3.1 Uncertainty in classification systems . . . . . . . . . . . . 15
1.3.2 Uncertainty in spatial data interpolation . . . . . . . . . . 16
1.3.3 Uncertainty in selecting the scale for marine habitat map-
ping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1.5 Problem description . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.6 Research objectives . . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.6.1 Chapter 2; Classification and accuracy assessment . . . . 18
1.6.2 Chapter 3; Qualitative assessment and quantitative inter-
polation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.6.3 Chapter 4; Fuzzy c-means clustering and conditional si-
mulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.6.4 Chapter 5; Pattern recognition and classification . . . . . 19
1.6.5 Chapter 6; Characterisation of rocky reef . . . . . . . . . 19
1.7 Structure of the thesis . . . . . . . . . . . . . . . . . . . . . . . . 20
2 Classification and accuracy assessment 23
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.2 Scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.3 Classification hierarchy . . . . . . . . . . . . . . . . . . . . . . . . 26
2.4 Decision rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.4.1 Habitat attribution . . . . . . . . . . . . . . . . . . . . . . 30
2.4.2 Validation uncertainty . . . . . . . . . . . . . . . . . . . . 35
2.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
xi
xii CONTENTS
3 Qualitative and Quantitative Interpolation 41
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.2 Methods: Case study 1- Musselroe Bay . . . . . . . . . . . . . . 44
3.2.1 Study area . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.2 Survey design . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.3 Acoustic data collection . . . . . . . . . . . . . . . . . . . 44
3.2.4 Video . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2.5 Data processing . . . . . . . . . . . . . . . . . . . . . . . . 46
3.2.6 Knowledge-based interpolation . . . . . . . . . . . . . . . 47
3.2.7 Error matrices . . . . . . . . . . . . . . . . . . . . . . . . 48
3.2.8 Spatial autocorrelation . . . . . . . . . . . . . . . . . . . . 49
3.3 Results- Case study 1: Musselroe Bay . . . . . . . . . . . . . . . 50
3.3.1 Real time and post processed polygon area comparison
(50m) only . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.3.2 Accuracy assessment of real time classified acoustic inter-
polation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.3.3 Accuracy assessment of post processed classified acoustic
interpolation. . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.3.4 Users’ accuracy . . . . . . . . . . . . . . . . . . . . . . . . 53
3.3.5 Producers’ accuracy . . . . . . . . . . . . . . . . . . . . . 53
3.3.6 Post processed polygon comparison (all transect densities) 53
3.3.7 Autocorrelation analysis . . . . . . . . . . . . . . . . . . . 53
3.4 Methods- Case study 2: Friendly Beaches . . . . . . . . . . . . . 54
3.4.1 Study Site . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
3.4.2 Sidescan survey . . . . . . . . . . . . . . . . . . . . . . . . 56
3.4.3 AGDS survey . . . . . . . . . . . . . . . . . . . . . . . . . 56
3.4.4 Acoustic variables . . . . . . . . . . . . . . . . . . . . . . 58
3.4.5 Discriminant analysis . . . . . . . . . . . . . . . . . . . . 58
3.4.6 Interpolation of predicted surface . . . . . . . . . . . . . . 58
3.5 Results- Case study 2: Friendly Beaches . . . . . . . . . . . . . . 59
3.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4 Fuzzy c-means for Seabed Classification 67
4.1 Fuzzy c-means for seabed classification . . . . . . . . . . . . . . . 68
4.1.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4.1.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
4.1.3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
4.2 Interpolation and conditional simulation . . . . . . . . . . . . . . 92
4.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 92
4.2.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
4.2.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
4.2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.3 FCM with Kriged surfaces . . . . . . . . . . . . . . . . . . . . . . 102
4.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.3.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
CONTENTS xiii
4.3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
4.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
5 Pattern recognition and classification 113
5.1 Segmentation and object oriented image classification . . . . . . 113
5.2 Segmentation and classification model . . . . . . . . . . . . . . . 116
5.2.1 Object oriented classification . . . . . . . . . . . . . . . . 117
5.2.2 Segmentation and object oriented classification example . 118
5.2.3 Test data . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
5.2.4 Accuracy assessment . . . . . . . . . . . . . . . . . . . . . 119
5.3 Segmentation and classification . . . . . . . . . . . . . . . . . . . 120
5.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 120
5.3.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
5.3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
5.3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
6 Characterisation of rocky reef 143
6.1 Spatial characterisation of rocky reef distribution . . . . . . . . . 144
6.1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 144
6.1.2 Study regions . . . . . . . . . . . . . . . . . . . . . . . . . 146
6.1.3 Data methods . . . . . . . . . . . . . . . . . . . . . . . . . 149
6.1.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
6.1.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
6.2 Morphometric characterisation of rocky reef . . . . . . . . . . . . 159
6.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 159
6.2.2 Data methods . . . . . . . . . . . . . . . . . . . . . . . . . 163
6.2.3 Classification method 1: Benthic Terrain Modeller [BTM] 164
6.2.4 Classification method 2: Surface Complexity Analysis [SCA]168
6.2.5 Qualitative visual assessment . . . . . . . . . . . . . . . . 169
6.2.6 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
6.2.7 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
6.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
7 Conclusion 189
Glossary 223
xiv CONTENTS
List of Figures
1.1 Ensonification with a directional source. Source C. de Moustier,
2005 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 The uncertainty inherent in single beam sounding. Source C. de
Moustier, 2005 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.3 Angular uncertainty inherent in single beam sounding. Red beam
shows the ensonification of the transducer beneath the vessel.
Source J. Hughes-Clarke, 2005 . . . . . . . . . . . . . . . . . . . 8
1.4 Ensonification range of a sidescan sonar. Source J. Hughes-Clarke,
2005 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.5 Beam forming with curved arrays. a)Reson 8101 beam geometry
has an along-track receive beam width of 15 deg Source, Reson
2000, b) Reson Seabat 8101 mounted on hull, c) Configuration of
elements on transducer d) Configuration of beams . . . . . . . . 12
1.6 Thesis overview showing chapter and data input, analysis proce-
dure and spatial and statistical outputs. . . . . . . . . . . . . . . 21
2.1 SeaMap Tasmania classification table . . . . . . . . . . . . . . . . 28
2.2 SeaMap Tasmania decision rules table . . . . . . . . . . . . . . . 33
2.3 AGDS acoustic and boundary uncertainty in the SeaMap classi-
fication table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.4 Conceptual model of data attribution for seabed habitat mapping 38
3.1 Location of surveyed area at Musselroe Point on the north east
coast of Tasmania showing bathymetric detail in 2 m contours. . 45
3.2 Plots showing correlation results and Geary and Moran correla-
tion index results . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.3 Location of the Friendly Beaches study site on the north east
coast of Tasmania, showing acoustic transects and interpreted
polygon on side scan sonar image . . . . . . . . . . . . . . . . . . 57
3.4 Scatterplot showing differences in two classes using hardness and
depth; Class 1 [blue] rocky reef, Class 2 [red] sand . . . . . . . . 59
3.5 WEKA decision tree classification result . . . . . . . . . . . . . . 60
3.6 Predicted class map result using the model to generate classes 1
(reef) and 2 (sand) overlaid on sidescan image. . . . . . . . . . . 61
xv
xvi LIST OF FIGURES
4.1 a) National Marine Bioregionalisation ’East’ data set shown by
grey shading, b) Tasmania area selected for analysis c) Test area
for programming the Fuzzy c-Means (FCM) within the Tasmania
regional analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
4.2 (a - i ) The extent of variables within the Tasmanian region da-
taset, with the default setting for classification (grey scale). . . . 73
4.3 Geoscience Australia Seascapes Model with 6 classes from GA
analysis. Reference Heap et al. 2006. . . . . . . . . . . . . . . . . 80
4.4 Cluster validity plots for PBMF, XBm and PCAES showing the
optimal number of classes (as indicated by the arrows) . . . . . . 81
4.5 Convergence criterion versus number of iterations for 4 classes . . 82
4.6 Maximum likelihood classification maps for 4 classes . . . . . . . 83
4.7 Results of the fuzzy c-means hard class classification map for 4
classes (the classes correspond to GA’s classes as Green as class
1, Blue as class 2, Yellow as class 3 and Red as Class 4). . . . . . 84
4.8 Confusion map generated from 4 classes using the FCM algorithm 85
4.9 Convergence after number of iterations 2-40 for 6 classes . . . . . 86
4.10 Maximum likelihood classification map for 6 classes . . . . . . . . 87
4.11 Hard class classification map (the classes correspond to GA’s clas-
ses as Orange as class 7, Blue as class 6, Yellow as class 1,Red as
Class 4 and Green as class 10) . . . . . . . . . . . . . . . . . . . 88
4.12 Confusion map generated from 6 classes using the FCM algorithm 89
4.13 Graph 1: Standard deviation of confusion result for 4 classes . . 89
4.14 Graph 2: Standard deviation of confusion result for 6 classes . . 90
4.15 Map of the percentage difference between scenario 1 (4 classes)
and scenario 2 (6 classes) . . . . . . . . . . . . . . . . . . . . . . 90
4.16 ISODATA clustering result Source: Geoscience Australia . . . . . 92
4.17 Location of sediment core samples in Tasmanian waters (black
points) inside regional sampling area (grey shading) . . . . . . . 95
4.18 Example variogram for mean grain size (MGS). Numbers in vario-
gram window refer to number of point pairs used for each sample
variogram estimate (+) . . . . . . . . . . . . . . . . . . . . . . . 97
4.19 Gravel interpolation . . . . . . . . . . . . . . . . . . . . . . . . . 98
4.20 Carbonate interpolation . . . . . . . . . . . . . . . . . . . . . . . 98
4.21 Mud interpolation . . . . . . . . . . . . . . . . . . . . . . . . . . 99
4.22 Mean grain size interpolation . . . . . . . . . . . . . . . . . . . . 99
4.23 Histogram and statistics results for layers % gravel, % carbonate,
%mud and mean grain size . . . . . . . . . . . . . . . . . . . . . 100
4.24 Cluster validity plots for PBMF, XBm and PCAES showing op-
timal number of classes (as indicated by the arrows) . . . . . . . 104
4.25 Membership layers for 5 classes . . . . . . . . . . . . . . . . . . . 105
4.26 Results of the fuzzy c-means hard class classification map for 5
classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
4.27 Confusion map generated from 5 classes using the FCM algorithm 107
4.28 Scatterplot showing each multidimensional input variable plotted
against each other. The ellipses represent 95% probability contours.108
LIST OF FIGURES xvii
4.29 Scatterplots for gravel, MGS, and slope showing the locations of
the cluster centres for each iteration. . . . . . . . . . . . . . . . . 109
5.1 Acoustic sampling is a ‘top down’ technique. The black region
is the area ‘sampled’ by the acoustic signal over a reef, with two
types of profiles indicated (a & b). The left frame shows the
profile of the reef, the middle frame shows the acoustic ‘curtain’
in black, and the right frame shows the interpretation of the reef
profile from the acoustic curtain. . . . . . . . . . . . . . . . . . . 115
5.2 Segmentation control (a)Artificial composition of four different
natural colour textures, (b) Unsupervised segmentation classifi-
cation, (c) Related uncertainty for all segmented objects . . . . . 121
5.3 The location of the Marmion Marine Park off the west coast of
Australia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
5.4 Sidescan setup and deployment a)Sidescan hardware setup, b)Pink
screen showing realtime waterfalls of the sidescan sonar imagery
c)Waterfalls of the sonar imagery, d)Sidescan ’towfish’ on deck
(approx. 3.5 m in length), with the USBL positioning unit in
red cannister, e)Deploying the sidescan from the back deck of
the vessel using an A-frame crane, f)EdgeTech 272 sidescan; note
transducer array along both side of the unit. . . . . . . . . . . . . 125
5.5 Original sidescan image in grey scale. The separate boxes illus-
trate the differences in texture in backscatter between classes of
Low reef, Reef and Sand . . . . . . . . . . . . . . . . . . . . . . . 127
5.6 Reference samples selected across image red= low reef, yellow=sand,
green=low reef. The blue polygons indicate the individual seg-
mentations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
5.7 Video transects across study site shown by green points. . . . . . 131
5.8 Sample editor showing Mean, Stdev and GLCm mean statistics . 132
5.9 Sidescan image showing polygons chosen to create samples . . . . 133
5.10 a)Original image, b)Digitised layers, c)Segmentation 15, d)Segmentation
25, e)Segmentation 50 . . . . . . . . . . . . . . . . . . . . . . . . 135
5.11 a)Original image, b)Digitised layers, c)Segmentation 15, d)Segmentation
25, e)Segmentation 50 . . . . . . . . . . . . . . . . . . . . . . . . 136
5.12 Percentage of habitat area for 2 classes 1) Digitised Layer; 2)
Segmentation 15, 3) Segmentation 25, 4) Segmentation 50. . . . . 137
5.13 Percentage of habitat area for 3 classes 1) Digitised Layer; 2)
Segmentation 15, 3) Segmentation 25, 4) Segmentation 50. . . . . 137
5.14 Related uncertainty for all segmentation objects from the classi-
fication stability analysis . . . . . . . . . . . . . . . . . . . . . . . 138
6.1 Location of the Friendly Beaches study site on the east coast of
Tasmania. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
6.2 Friendly Beaches Sidescan image segmented and classified a) Ori-
ginal Image b) Segmentation Level 15 c)Segmentation Level 25
d) Segmentation Level 50 . . . . . . . . . . . . . . . . . . . . . . 154
xviii LIST OF FIGURES
6.3 Marmion Sidescan image segmented and classified a) Original
Image b) Segmentation Level 15 c)Segmentation Level 25 d) Seg-
mentation Level 50 . . . . . . . . . . . . . . . . . . . . . . . . . . 155
6.4 a) Classification of reef in one dimension, b) Classification of reef
in two dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
6.5 The six categories of morphometric features illustrated by the
relationship between a central DEM cell and its eight neighbours.
Source: Wood, 1996 . . . . . . . . . . . . . . . . . . . . . . . . . 161
6.6 Positive and negative BPI value derivation for ridges and channels
Source: BTM Version 1.0 Altered from Weiss, 2001 . . . . . . . 162
6.7 Flowchart showing the data sets used to derive BPI classes. Fine
scale BPI characterises the dimension of features e.g., 5- 30 m
and Broad scale BPI characterises the dimension of features e.g.,
30 - 150 m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
6.8 The scale at which the morphometry is measured will affect the
success in translating the classification across different scales. For
example a. could be classified at as a peak, but at a finer scale
b and c, would be classified as a peak and a channel respectively
where d. could be classified as a channel and e. at another scale
as a plain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
6.9 Multibeam data collected over the Friendly Beaches Study site
overlaid on a registered colour aerial photograph (1:50,000). . . . 165
6.10 Multibeam data collected within the Marmion Marine Park study
site overlaid on a registered colour aerial photograph (1:42,000). . 166
6.11 Creation of Bathymetric Position Index (BPI) grid only allows
classification to three of six morphometric features. . . . . . . . . 167
6.12 Random point locations classified by candidates. . . . . . . . . . 170
6.13 Friendly Beaches classification result of the Benthic Terrain Mo-
deller. The expanded box shows an area of 400m x 400m in finer
detail. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
6.14 Marmion Marine Park classification result of the Benthic Terrain
Modeller. The expanded box shows an area of 900 m x 900 m in
finer detail. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
6.15 Friendly Beaches rugosity result. The expanded box shows an
area of 400m x 400m in finer detail. . . . . . . . . . . . . . . . . 174
6.16 Marmion Marine Park rugosity result. The expanded box shows
an area of 900 m x 900 m in finer detail. . . . . . . . . . . . . . . 175
6.17 Friendly Beaches classification result of the Landserf complexity
analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
6.18 Marmion Marine Park classification result of the Landserf com-
plexity analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
6.19 Confusion index result for Friendly Beaches. . . . . . . . . . . . . 180
6.20 Confusion index result for the Marmion Marine Park. . . . . . . 181
List of Tables
2.1 Decision points for developing a marine mapping program . . . . 30
3.1 Polygon area results generated from RT and PP classed acoustics.
The 50 x 100 m indicates the 50 m shore-horizontal with 100 m
shore-perpendicular transects (SA-Sand; HS-Hard Sand; LP- Low
Profile Reef; MP- Medium Profile Reef) . . . . . . . . . . . . . . 50
3.2 Results of the knowledge based interpolation from the 50 m tran-
sect spacing and Real Time classified acoustic points. HS= hard
sand, LP= low profile reef, MP= medium profile reef, SA= sand. 51
3.3 Results of the knowledge based interpolation from the 50 m tran-
sect spacing and Post Processed classified acoustic points . . . . 52
3.4 Results of the knowledge based interpolation from the 100 m
transect spacing and Post Processed classified acoustic points . . 52
3.5 Results of the knowledge based interpolation from the 200 m
transect spacing and Post Processed classified acoustic points . . 52
3.6 Results of the knowledge based interpolation from the 50 m x 100
m transect spacing and Post Processed classified acoustic points . 52
3.7 Error matrix with per-class accuracy values % for Post-processed
ES60 50 meter transect data with combined classes of consolida-
ted and unconsolidated substrate . . . . . . . . . . . . . . . . . . 53
3.8 Interpretation of the Geary and Moran Indices (Goodchild, 1986) 54
3.9 Results of correlation with video data, and Geary and Moran
correlation index results . . . . . . . . . . . . . . . . . . . . . . . 54
3.10 Results of the WEKA decision tree . . . . . . . . . . . . . . . . . 60
4.1 Revision of FCM inputs . . . . . . . . . . . . . . . . . . . . . . . 74
4.2 Comparison of the number of classes preferred by each validity
measure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
4.3 Statistics of confusion maps Scenario 1 and 2 . . . . . . . . . . . 86
4.4 GSTAT command file for simple kriging for four variables; gravel,
carbonate, mud and mean grain size (MGS) . . . . . . . . . . . . 96
4.5 Gstat command file for simulation input for gravel, carbonate,
mud and MGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.6 Comparison of the number of classes for each validity measure . 103
xix
xx LIST OF TABLES
4.7 Scatterplot results showing each multidimensional input variable
plotted against each other . . . . . . . . . . . . . . . . . . . . . . 110
5.1 Error matrix with per-class accuracy values for segmentation of
texture image (TL= Top left, BL= Bottom left, TR= Top right,
BR= Bottom Right . . . . . . . . . . . . . . . . . . . . . . . . . . 120
5.2 Overall Accuracies (OA) and Kappa statistics (KS) derived from
error matrices for 2 and 3 classes, and different segmentation levels134
5.3 Results from the confusion matrix for 3 classes with a segmenta-
tion level of 25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
5.4 Overall Accuracies (OA) and Kappa statistics (KS) derived from
confusion matrices for 2 and 3 classes, and different segmentation
levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
5.5 Results of correlation with video data, and Geary and Moran
correlation index results . . . . . . . . . . . . . . . . . . . . . . . 139
6.1 Case Study 1: Fragmentation results for Friendly Beaches study
site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
6.2 Case Study 2: Fragmentation results for Marmion study site . . . 157
6.3 Classification scheme based on the bathymetric position index . . 168
6.4 Morphometric features described by second derivatives. Source:
J.Wood, 2002. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
6.5 Friendly Beaches morphometric results from the BTA. . . . . . . 171
6.6 Marmion Marine Park morphometric results from the BTA. . . . 171
6.7 Friendly Beaches morphometric results from the Landserf com-
plexity analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
6.8 Marmion Marine Park morphometric results from the Landserf
complexity analysis. . . . . . . . . . . . . . . . . . . . . . . . . . 176
6.9 Confusion Index (CI) result by class for Friendly Beaches. . . . . 179
6.10 Confusion Index (CI) result by class for the Marmion Marine Park.182
6.11 Candidate classification of random points over a hill shaded Fri-
endly Beaches (FB) DEM. Bold text highlights where candidates
responses were the same for all categories. . . . . . . . . . . . . . 183
6.12 Candidate classification of random points over a hill shaded Mar-
mion Marine Park (MMP) DEM. Bold text highlights where can-
didates responses were the same for all categories. . . . . . . . . 184
